Abstract:On February 12, 2014, a large Mw7. 3 earthquake occurred in Yutian of Xijiang Province, China.
Introduction
Earthquakes are one of the most destructive natural disasters, which can bring the tremendous damages to human life and property safety. Seismologists make great efforts to improve the accuracy of earthquake prediction. The resnlts 1 '·'l show that earthquakes can not only affect the surface configuration , but also spread to ionosphere to make the total electron content ( TEC) unusual1'-"l. Therefore, the pre-earthquake ionospheric anomaly is one of hot researches recently. curred in Hetian, Xijiang, whose epicenter was located in Yutian ( 82. 5° E, 36. 1° N) with the hypocentral depth of about 12 km. This is a strike-slip earthquake.
We use the global ionosphere maps ( GIM) provided by CODE, and optimize the reasonable background values according to ionosphere periods after eliminating ionospheric anomalies that caused by solar activities and magnetic storms in the paper. Then the pre-earthquake ionospheric disturbances over the seismic zone are analyzed in detail.
2 Data and detection method of abnormal information
Data
The pre-earthquake disturbances usually affect the TEC , the critical frequency of F2-layer ( foF2 ) , the critical frequency of sporadic E-layer and so on 1 "l.
TEC and foF2 will be mainly studied in the paper. TEC 
Detection method of abnormal information
In the past, the monthly mean or median of TECs is usually selected as the background value to detect ionospheric anomalies. In the paper, we will detect ionospheric anomalies by the sliding inter quartile range.
The solar activity has one 27 -day cycle because of its rotation. The ultraviolet ray, x-ray, solar wind and other radiations affect the earth magnetosphere to make the ionosphere also contain the 27 -day variation 1191 • Thus, 27 -day cycle will be adopted as the background value to eliminate the influence of ionosphere variation.
According to the theory of sliding inter quartile 
The lOR is approximately equal to 1. 34 times the standard deviation. Considering the long background days, the ionosphere is easily influenced by the gradually increasing solar activity. So we take 2 times lOR ( about 2. 5 times the standard deviation) as the tolerance. The upper and lower bounds are respectively. 
rEC -I,;
while TEC > l,
TEC anomaly analysis
If the space environment does not change greatly, the day-to-day variability of ionosphere is stable. In the No
As shown in figure 1 (a) , the pre-earthquake solar activity was not stable, and there were two peaks in 21st day and 6th day before the earthquake. We can see the outliers in figure 1 ( b) by the detection of anomaly information. These solar activity anomalies appeared not only in these days, but also in 27th day and 16th day before the earthquake. In figure 1 (c) ceding the earthquake and 2 days following the shock in figure 1 ( f) , and the maximum absolute outlier was about 25 nT. The outliers of Kp were shown in figure 1 ( h) , and the anomalies mainly occurred in 22 -24 days, 17th day, 9th day, and 1 -6 days prior to the shock and the following 2nd day with the maximum outlier of more than 3.
In conclusion, the anomalies of solar activity mainly occurred in 27th day, 21st day, 16th day, and 6-8 days before the earthquake , and the anomalies of geomagnetic activity mainly appeared in 21-24 days, 17th day , 9th day , and 1 -6 days prior to earthquake and the following 2 days. Thus it can be seen that the anomalies of solar and geomagnetic activities could be detected successfully by the sliding inter quartile range with the window of 27 days.
We can see the pre-earthquake TEC time series over the epicenter and its associated upper and lower -60°
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day. The analysis is further needed to determine whether the TEC anomalies occurred in 1Oth day before earthquake were caused by the solar activity. , r-\, if. In addition , the variation of foF2 was similar to that of TEC. The positive foF2 disturbance on the day reached about 50%. The resnlts of TEC and foF2 manifested that ionosphere over the epicenter region on the day was anomalous. After analyzing the spatial distribution of ionospheric anomalies and excluding the anomalies that may he caused by solar activity or geomagnetic storm, we believe the anomalies near the epicenter on February 3 were associated with the seismic structure change during the seismogenic stage.
Analysis of global TEC anomalies
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